APPENDIX 1

Acronyms, Abbreviations, and Glossary

AA
AAA
AAP
ACS
ACN
ACU
AES
AFSC
AFSCN
AGO
AIS
ALT
CDR
CDSCC
CSIR
CSIRO
CSM
CsOC
DAF
dB
DDMS

Associate Administrator

Active Acquisition Aid

Apollo Applications Program

attitude control system

Ascension

antenna control unit

Apollo Extension System

Air Force Systems Command

Air Force Satellite Control Network

Santiago

Apollo Instrumentation Ship

Approach and Landing Test

Critical Design Review

Canberra Deep Space Communication Complex
Council for Scientific and Industrial Research
Commonwealth Scientific and Industrial Research Organization
Command and Service Module

Consolidated Space Operations Contract

Data Acquisition Facility

decibels

Department of Defense Manager for Manned Spaceflight
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DF
DJS
DLR
DOD
DOI
DOS
DRSS
DSN
DSS
EGO
EGR
ELVIS
ERS
ERTS
ESA
ESD
ESMC
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direction finding

Dzhusaly, Razakhgtan

Germany’s Deutsches Zentrum fiir Luftund Raumfahrt
Department of Defense

Department of the Interior

Department of Supply

Data Relay Satellite System

Deep Space Network

Deep Space Station

Eccentric Geophysical Observatory

Eglin Gulf Test Range

Enhanced Launch Vehicle Imaging System
Earth Resource Satellite

Earth Resource Technology Satellite
European Space Agency

Air Force Electronic Systems Division

Air Force Eastern Space and Missile Center

EUMETSAT European Organization for the Exploitation of

ETR
EVA
EUT
FAA
FCC
FDR
FM
FY
Gbps
GDSCC
GHz
GLTN
GMT
GN
GOES

Meteorological Satellites
Eastern Test Range
extravehicular activity
Eupatona, Ukraine
Federal Aviation Administration
Federal Communications Commission
Final Design Review
frequency modulation
fiscal year
gigabits per second
Goldstone Deep Space Communication Complex
gigahertz
Goddard Laser Tracking Network
Greenwich Meridian Time
Ground Network
Geostationary Observational Environmental Satellite

GRARR Goddard Range And Range Rate

GRGT
GRO
GRTS
GSFC
GWM
HAW
HDTV
HEAO

Guam Remote Ground Terminal
Gamma Ray Observatory

GRO Remote Terminal System
Goddard Space Flight Center
Guam

Hawnaii

high definition television

High Energy Astronomy Observer



HST
HTV
IAGS
IBM
IBEW
ICBM
IDEA
IGY
IMP
INEN
INTA
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Hubble Space Telescope

H-II Transfer Vehicle

Inter-American Geodetic Survey

International Business Machines

International Brotherhood of Electrical Workers
intercontinental ballistic missile

International Space Station Downlink Enhancement Architecture
International Geophysical Year

Interplanetary Monitoring Platform

Integrated Near-Earth Network

Spanish National Institute of Aerospace Technology

INTELSAT International Telecommunications Satellite Consortium

IOAG
IPF
ISIS
ISO
ISS
IUE
IUS
JAXA
JDMTA
JPL
JSC
JWST
KHz
KLP
Kpbs
KPGO
KSAT
KSC
LAGEOS
laser
LM
LRC
LRO
LRV
M&DO
MA
MA
MAD
maser
Mbps
MCC

Interagency Operations Advisory Group
Image Processing Facility

International Satellite for Ionospheric Studies
Infrared Space Observatory

International Space Station

International Ultraviolet Explorer

Inertial Upper Stage

Japan Aerospace Exploration Agency
Jonathan Dickinson Missile Tracking Annex
Jet Propulsion Laboratory

Johnson Space Center

James Webb Space Telescope

kilohertz

Kolpashevo, Russia

kilobits per second

Kokee Park Geophysical Observatory
Kongsberg Satellite Services

Kennedy Space Center

Laser Geodynamics Satellite

light amplification by stimulated emission of radiation
Lunar Module

Langley Research Center

Lunar Reconnaissance Orbiter

Lunar Roving Vehicle

Mission and Data Operations

Mercury-Atlas

Multiple Access

Madrid

microwave amplification by stimulated emission of radiation
megabits per second

Mission Control Center
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MDSCC Madrid Deep Space Communication Complex

MESA
MES
MGS
MHz
MILA
MIT

Modular Equipment Stowage Assembly
Manned Flight Support

McMurdo Ground Station

megahertz

Merritt Island Launch Annex
Massachusetts Institute of Technology

MOBLAS Mobile Laser Ranging System

MOCR
MOTS
MRCS
MSC
MSFN
NACA
NAR
NAS
NASA

Mission Operations Control Room

Minitrack Optical Tracking System

Mobile Range Control System

Manned Spacecraft Center

Manned Space Flight Network

National Advisory Committee for Aeronautics
Non-Advocate Review

National Academy of Science

National Aeronautics and Space Administration

NASCOM NASA Communications Network

NASDA
NC

ND
NEN
NFL
NISN
NOAA
NOCC

National Space Development Agency of Japan
Network Controller

Networks Directorate

Near-Earth Network

Newfoundland

NASA Integrated Services Network

National Oceanic and Atmospheric Administration
Network Operations Control Center

NORAD North American Aerospace Defense Command

NRD
NRL
NSC
NSF
NTSC
NTTF
OAO
OCC
OGO
OMS
ORR
OsC
(ON1@)
(ON1@)
OSTDA
OTDA

Air Force National Range Division
Naval Research Laboratory

Norwegian Space Center

National Science Foundation

National Television System Committee
Network Test and Training Facility
Orbiting Astronomical Observatory
Operations Control Center

Orbiting Geophysical Observatory
Orbital Maneuvering System

Orroral

Office of Space Communications

Office of Space Operations

Orbiting Solar Observatory

Office of Space Tracking and Data Acquisition
Office of Tracking and Data Acquisition



PAL
PAM
PCM
PCR
PCS
PCU
PDL
PDR
PER
PLSS
PMR
PMRF
POCC
POGO
PPK
PSAC
QUI
RCA
RCS
RF
REP
ROS
RTG
RTHU
RTLS
SA
SAO
SATAN
SCAMA
SCAMP
SDK
SDO
SEB
SECAM
SECO
SGL
SGLT
SGS
SIRTF
SITE
SN
SNIP
SOMO
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Phase Alternating Line

Pulse Amplitude Modulation

Pulse Code Modulation

Payload Changeout Room

Pacific Command Ship

Power Control Unit

Ponce de Leon Station

Preliminary Design Review
Pre-Environmental Review

Portable Life Support System

Pacific Missile Range

Pacific Missile Range Facility

Project Operations Control Center
Polar Orbiting Geophysical Observatory
Petropavlovsk-Kamchatskaya, Russia
President’s Science Advisory Committee
Quito

Radio Corporation of America
Reaction Control System

radio frequency

Request For Proposal

Rosman

Radioisotope Thermoelectric Generator
roll to heads-up

Return to Launch Site abort

Single Access

Smithsonian Astrophysical Observatory
Satellite Automatic Tracking Antenna
Switching, Conferencing And Monitoring Arrangement
Satellite Command Antenna on Medium Pedestal
Ussuriysk, Russia

Solar Dynamics Observatory

Source Evaluation Board

Sequential Color with Memory
sustainer engine cutoft’

Space to Ground Link

Space to Ground Link Terminal

SvalSat Ground Station

Space Infrared Telescope Facility
Satellite Instructional Television Experiment
Space Network

Space Networks Interoperability Panel
Space Operations Management Office
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SRB Solid Rocket Booster

STADAN Satellite Tracking And Data Acquisition Network
STADIR Station Director

STDN  Spaceflight Tracking and Data Network

STG Space Task Group

STGT  Second TDRSS Ground Terminal

STS Space Transportation System

STTCS S-band Tracking, Telemetry & Command System
T&DS  Tracking and Data Systems

TAGIU  Tracking And Ground Instrumentation Unit
TAGS  Text And Graphics System

TAL Transatlantic Abort Landing

TAN Tananarive

TAT-1  trans-Atlantic telephone cable

TBL Thilisi, Georgia

TCS Thermal Control System

TDRS  Tracking and Data Relay Satellite

TDRSS Tracking and Data Relay Satellite System

TDSD  Tracking and Data Systems Directorate

TELOPS Telemetry Online Processing System

TEI Trans-Earth Injection

TIROS  Television Infrared Observation Satellite
TLI Trans-Lunar Injection

TLRS  Transportable Laser Ranging System
™ telemetry

TTS Test and Training Satellite

TSSG Tracking System Study Group

TT&C  Tracking, Telemetry and Command

TWT traveling wave tube

UHF ultrahigh frequency

ULD Ulan-Ude, Russia

usS United States

USAF United States Air Force

USB Unified S-Band

USN Universal Space Network

USNS  United States Navy Ship

USSR Union of the Soviet Socialist Republic
VERLORT  Very Long Range Tracking

VHF very high frequency

VLBI Very Long Baseline Interferometry

WART  White Sands Complex Alternative Resource Terminal
WECO Western Electric Company

WGTC  Working Group on Tracking and Computation
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WRE  Weapons Research Establishment
WSGT  White Sands Ground Terminal
WSMR  White Sands Missile Range

Glossary

acquisition: The process of first finding, either visually or electronically, a
satellite or spacecraft of interest so it can then be tracked.

antenna feed: The electronic device at the focal point of an antenna through
which electromagnetic wave transmissions are received, amplified, and/or
transmitted.

apogee: The high point in a trajectory.

array: The electronic combining of antennas pointed at the same object so as
to increase the received signal strength.

autotrack: Automatic tracking of a spacecraft by an antenna (or vise versa)
where the position is continuously and automatically computed.

bandwidth: The range of frequencies occupied by a radio frequency carrier
wave. The more information there is on the carrier (for example, high-defini-
tion television), the more bandwidth is required to fully transmit that data.
UHEF air-to-ground voice, for instance, is a low bandwidth item.

bit errors: The fraction of received digital bits that are errors in a transmis-
sion. The lower the bit error, the better the quality of the transmission. Bit
errors, or more precisely, bit error rate, is usually expressed in exponential
notation such as 1x10-® (one bit error in a million).

bit rate: The rate that digital bits of data are transmitted in a digital stream.
The higher the bit rate, the faster the transmission. Bit rates can vary from
kilobits per seconds (thousands of bits per second) to gigabits per second (bil-
lions of bits per second).

boresight: The focal axis of a directional antenna.

Capcom: By rule, the designated voice contact between Mission Control and
the astronauts. By tradition, the Capcom is always another astronaut. Others
may also, on occasion, speak with the astronauts but are never referred to as
“Capcom.”
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carrier frequency: The selected frequency used to transport radio signals.

collimation tower: A tower, usually located a few kilometers from the main
ground station antenna, equipped with a radio frequency emitter used as an aim-
point to checkout and calibrate the automatic tracking capability of the antenna.

data rate: The rate of downlink or uplink between a spacecraft and its ground
station. Usually measured in bits per second.

demodulate: The removal of the modulation on a carrier frequency using a
series of electronic filters so as to isolate the data from its carrier.

digital: A transmitted radio frequency signal or scheme comprised only of
ON and OFF pulses (0’s and 1).

eccentricity: The amount of oblateness in a spacecraft’s orbit. A perfectly cir-
cular orbit has zero eccentricity while a high apogee orbit that swings around,
for example, to the back side of the Moon is of high eccentricity.

electromagnetic waves: Electromagnetic (EM) waves or radiation is a self
propagating wave in space with electric and magnetic components. Such
waves carry energy and momentum. All energetic media such as heat, light
and radio transmissions are part of the electromagnetic spectrum.

elevation: The angle above the horizon. An antenna pointed perfectly at the
horizon has zero elevation. Ninety-degrees is directly overhead.

equatorial orbit: An orbit which has no inclination or tilt with respect to
the Equator. Thus a spacecraft in true equatorial orbit will always revolve over
the Equator.

field of view: The amount of sky that can be viewed at any one time. For
an optical device, it is what can be seen at any moment with a given aperture.
For an electronic device like an antenna, it is also the region where a radio
frequency link can be reasonably detected.

Figure of Merit: Commonly referred to as G/T, or “G-over-T”, a ground
station’s Figure of Merit is a fundamental quantitative measure of its overall
capability to enhance the received signal with respect to noise. The higher the
G/T, the more sensitive the ground station is.
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g: A measure of the equivalent gravitational acceleration experienced by an
object or a person. A person standing at mean sea level experiences 1 g. Apollo
astronauts returning from the Moon experienced around 8 g during reentry.

gain: An increase in electromagnetic signal strength due to any of several
sources, resulting in the output signal being measurably stronger than the input
signal. Types of gain include amplifier gain due to active electronic components
such as High Power Amplifiers or Low Noise Amplifiers, and antenna gain due
to antenna features such as large dish aperture and parabolic shape.

geode: The mathematical, gravitational model of Earth characterizing its
local variations in shape, size, and mass concentrations, used by computers to
calculate the orbit and trajectory of a spacecraft.

geosynchronous orbit: A zero-inclination, circular orbit at an altitude of 35,900
kilometers (22,300 miles) above the Equator. In such an orbit, a spacecraft’s rate of
revolution round Earth is the same as the rotation rate for a point on the Equator.
The craft would thus appear to be hanging stationary over a given location. The
term is often used synonymously with ‘geostationary orbit.

Go/No-Go: A decision point during a mission when Mission Control has to
determine whether to proceed or abort.

Ground Network: A network of NASA ground stations organized under
the Science Mission Directorate of Headquarters. These consist of stations
in Alaska, Antarctica, Florida, Norway, and Virginia. The Ground Network
(GN) also includes support from the Network Integration Center located at
the Goddard Space Flight Center and the GN scheduling and VHF systems at
White Sands, New Mexico.

ground station: A location on the ground comprising of electrical, mechani-
cal, and/or optical subsystems used for communicating with and retrieving
data from space assets.

ground track: The path that a spacecraft traces on the ground.

GSTDN: The original ground elements of the remaining Spaceflight Tracking
and Data Network (STDN) as the Tracking and Data Relay Satellite System
(TDRSS) was being brought operational in the 1980s.

high inclination orbit: An orbit whose plane is highly inclined with respect
to the Equator. Such orbits have ground tracks that enable them to pass over or
observe a greater amount of Earth’s surface than low inclination orbits.
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high power amplifier: An electronic device usually located at the base or
the back of an antenna which greatly amplifies its transmitting signal strength
for establishing command uplink with a spacecraft.

housekeeping telemetry: Data from a spacecraft used only for assessing the
performance, health, and status of the spacecraft itself. Typical data include
voltages, temperatures, propellant tank pressures, etc.

Lagrange Points: The Lagrangian points are five positions in the Earth-
Moon-Sun interplanetary system where a small object affected only by grav-
ity can theoretically appear stationary relative to two larger objects (such as
a satellite with respect to Earth and the Moon). Such an object would appear
to be in a “fixed” position (or on a relatively small “Figure 8” orbit) in space
rather than in a traditional orbit in which its position changes continuously.

launch azimuth: The direction that a rocket is launched in, usually mea-
sured in degrees relative to due North. For example, a rocket launched due
East from Cape Canaveral has a launch azimuth of 90°.

“Lights-out” operations: A trend in ground station operations in which
a station operates autonomously in an unattended fashion or with minimal
staffing. Lights-out can take many forms such as nine to five workday opera-
tions with automated service at all other times. It can also be a centralized,
fully staffed operations center continuously monitoring a suite of multiple,
unattended remote ground stations.

line of sight: The straight line between a transmitting antenna and a receiv-

ing antenna. The two can only communicate when a line of sight has been
established.

multipath: The propagation phenomenon that results when radio signals
reach the receiving antenna by two or more paths. Causes of multipath include
ionospheric reflection and refraction, and reflection from mountains, build-
ings, ocean, and the ground. The effects of multipath include constructive and
destructive interference, errors, and phase shifting of the signal. A common
multipath phenomenon is ghosting of television images, for example.

“Picket Line”: The seven original primary Minitrack stations located
approximately along the 75th West meridian, spanning North and South
America. The picket line had a better than 90 percent chance of capturing
every pass of a satellite in low inclination, low-Earth orbit.
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polar orbit: An orbit whose plane is inclined 90° to the Equator. Thus, as
its name implies, a satellite in polar orbit travels over, or near, both the North
and the South pole. A great advantage of a satellite in such an orbit is its ability
to observe the entire surface of the globe over time.

max-q: The occurrence of maximum aerodynamic pressure (q) during a
rocket’s ascent or a spacecraft’s descent through the atmosphere. Knowing
when max-q occurs is important as it factors into the structural stress experi-
enced by the vehicle.

parabolic: Surface shape of an object, like an antenna reflector or the objec-
tive mirror in a telescope, based on the mathematical curve Y=X? which
focuses incoming rays to a single point.

radio frequency: The number of oscillation cycles per unit time that an electro-
magnetic wave propagates through space at. Frequency is measured in hertz (Hz).

radio interferometry: The use of separate antennas to receive a radio signal at
slightly different times so as to determine phase differences in the radio waves.
These differences can then be used to calculate position solutions for an object.
Radio interferometry had the advantage of yielding highly accurate tracking
angles and could be used under virtually any atmospheric condition.

Schmidt camera: A telescopic, astronomical camera designed to provide
wide fields of view, typically used as a survey instrument in which a large
amount of sky must be covered.

solar wind: A stream of charged particles (plasma) which are ejected from the
upper atmosphere of a star. It consists mostly of high-energy electrons and pro-
tons that are able to escape the star’s gravity. Many phenomena can be explained
by the solar wind, including: geomagnetic storms that knock out power grids on
Earth; auroras, and why the tail of a comet always points away from the Sun.

sounding rocket: A small, usually unguided rocket launched into the upper
atmosphere for conducting experiments and scientific research.

Space Network: NASA’s constellation of geosynchronous Tracking and Data
Relay Satellites and their associated ground segment. The ground segment
consists of the White Sands Complex, the Bilateral Ranging Transponder
System, the Merritt Island Launch Area TDRSS Relay, and the Data Services
Management Center. The Space Network (SN) is run by the Goddard Space
Flight Center under management of the Space Operations Mission Directorate
at Headquarters.
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state vectors: The set of position and velocity measurements of a traveling
object as a function of time, particularly those of a spacecraft in orbit or a
rocket on a ballistic trajectory.

telemetry: Electronic data measurements downlinked or transmitted from a
spacecraft to the ground.

teletype: A now largely obsolete electro-mechanical typewriter which was
used to communicate typed messages from point to point through a simple
electrical communications channel, often just a pair of wires. Later versions
used a screen instead of a printer.

tracking: Collection of spacecraft position and velocity measurements so that
its orbit or trajectory can be determined.

wavelength: The distance traveled by an electromagnetic wave during one cycle
of oscillation. Radio frequency wavelengths ranges from millimeters to meters.

Wing Station: A support or backup ground station located near the designated
primary station on a given mission. Deep Space Network sites were often used
to support nearby Manned Space Flight Network sites in this manner.

yagi antenna: An antenna consisting of an array of linear elements, such as a
common rooftop television antenna. The antenna achieves a distinct response
bandwidth determined by the length, diameter, and spacing of all the individ-
ual elements. Its overall gain is proportional to its length, rather than simply
the number of elements. Yagis can range in size from small (like TV antennas)
to very large (dozens of feet long with multiple elements).
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Maps

Each location has been plotted by the author on blank Robinson
Projections.



“Read You Loud and Clear!”

416

(SOG61 91| SOMION HOBIUUI BYL



417

Appendix 2 \ Maps

_. Bingsauueyofy
g:uwn:_“ ....ﬁw ] ._‘ JJ =
_m\ @o\ ﬂkhﬁ. A‘

AN
e,

s s 15
] »

(s0261 plw-s96| Al1Ed) YJoMISN UOIHSINDIY EBYeq puy Bupjoell ayjjeyes ayl



“Read You Loud and Clear!”

418

(s0961 Alied) YJomiaN wbiyeoedsg Ainoisy aylL



419

Appendix 2 \ Maps

por(\ | L |
e O : i e

o A B

A N 2 : Meueo pueso uu“._u_."._u.___,am_._omQ b3
Py _

! : ) sdojep 2 pieppo
- 5 et | = | { B
o1 g Mﬂ» $Z I ] _
. A _ )
2 ¢ 5 /

(luwsy)
(S0961 P1w) Y10miaN JybiyeoRds Pauue YL



“Read You Loud and Clear!”

420

1 ; ! : g ¥ sl o | - .M;_HW B )Jv /
....... TRl . : ! \ | seweyeg pueISgl coyo N =
X : mm.._ao pueig PUBIS| LLBINTL ufeng
e e | | uo)sp|oD

J =
1) @)
“@iyonshaucHe Az
\_‘.WI »nrfl\\‘l. “l | d
_, ~
) f —
e~ L of
i nh.%i.&dﬂ; uoisyadsy \
I _",mwm,o 2 E /“f,fﬂw._. 2

(suoneys Arewud ojjody)
(s0.61 Aea—-s0961 91e|) YJomiaN ybiyeoeds pauue ayL



421

Appendix 2\ Maps

i, ;
=0 X

)
e
mm_“__ :_zm..

[ oA

>

f seulelyeq pues:

(s19410 ® AOQ :suoneis poddng ojjody)
(s0.61 Aea—-s0961 d1e|) YomiaN ybiyeoeds pauue ayL

ojsplon
ku._ancou_.._n:




“Read You Loud and Clear!”

422

.\ﬂw!o‘: Ta _ /
.x“_u_._m N“.__wwﬁ anfl!\,\Nuu?_qmutE. | [ | fo | | WL~ _
- S o AT < ——
S S | P Sl _E
; W ”w?ﬂwmwwuﬁ?j | | % s ~<\ .H.’ { F.n._ﬁpﬁz__“._, _"\
._, ;ﬁvwf .t E.,u:m%_V i 5 ‘/_r ueasip ueipuje d ‘ i
— | N A W, . — ! — v ! i _
S N | A ST Ny

= "a s )
= w =3 \ A nadrine)
SO ol

| uua._._._mm- s s T 1

(s0861 Alies-sp/61 piw) yJomieN ejeq pue Bupjoes) bieoeds eyl



423

Appendix 2\ Maps

= :
& AL/ 7 i
d _\\\ m)f.:\‘!. ﬂ«uﬁ._am..-_,:g /

=257

(s0661 Al1ea-S0861 Piw) Y10M19N eleq pue Bupjoed] ybiyeoeds syl



“Read You Loud and Clear!”

424

syJomieN Aeq juasaid




APPENDIX 3

Radio Frequency Chart
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APPENDIX 4

Honeysuckle Station Log for Apollo 11

The actual mission log as recorded at the Honeysuckle Creek
Tracking Station (HSK) is reproduced here courtesy of John Saxon. When he
donated these scans to the Honeysuckle tribute Web site (www.honeysucklecreek.
net) in 2003, John wrote:

[t may seem strange, but Apollo support sites were not required
to keep a formal log. Usually, particular times were reported to
Houston as they happened or when the action was completed.
Some times were reported in post-pass teletype messages.

At Honeysuckle we did try to maintain an overall log of mis-
sion events as we observed them, and the operating position on
the right hand side of the main station Operations console got
lumbered with the job. This position was also required to moni-
tor anything up to six or seven voice loops simultaneously and
respond as required. Also, there were two 25 key CAMs (Computer
Address Matrix) used to control some aspects of the Command
and Telemetry Computers (send commands to the spacecraft if data
communications were lost between the site and Houston, etc.),
operated by this position. So keeping a written log as well was
sometimes difficult.
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Most sections of the station (USB, TLM, Computer, Comms,
etc.) also made note of significant times and events, and so this
helped the main log keeper because they could be reported later
in ‘easy time. Times were sometimes guessed when there was a
chance to jot them down, so normally they were noted to the near-
est minute unless they were deemed to be very significant!

The log pages presented here were maintained for the entire
Apollo 11 mission 24 hours per day by my opposite number, Ken
Lee (otherwise known as “the silver fox”) and myself as we worked
alternating 12-hour shifts. It should be noted that they were “bor-
rowed” by me at the end of the Apollo program. All the rest of the
mission files, which contained many other documents on each mis-
sion, were consigned to the local landfill site (Tharwa Tip) when
we were not looking.
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A

A-12 satellite: 54

Acquisition aid: 35, 73, 75; on Gemini, 108, 112

Acquisition-of-signal: 47, 52, 75, 84, 128, 129, 169; TDRS deployment, 167-168

Ada, Joseph F.: 236

Adams, John: 96

Adelaide switching center, South Australia: 64

Advanced Range Instrumentation Aircraft (See Apollo Range Instrumentation Aircraft)

Advanced Research Projects Agency: 29, 67, 208

Aecrobee sounding rocket: 2

Agenzia Spatiale Italiana: 337

Air Force, United States (See also Department of Defense and specific test ranges and locations): xxxiii,
2,5,21,67, 71,74, 78, 82, 85-88, 94, 116, 117, 120, 122, 131, 137, 149, 154, 206, 208, 226,
238, 253, 308; Andrews Air Force Base, 77; ARIA support, 159-162, 203; Bonham Air Force
Base (See Hawaii Ground Station); Department of Defense Manager for Manned Spaceflight,
94; Eastern Space and Missile Center, 237, 239; Edwards Air Force Base, 59, 162, 223, 232;
Electronic Systems Division, 161; Hickam Air Force Base, 160; Holloman Air Force Base (See
Tula Peak Ground Station); Kindley Air Force Base, 82; Military Airlift Command, 117; National
Range Division, 160-161; Patrick Air Force Base, 11, 15, 18, 21, 123, 160, 163; Satellite Control
Network, 71, 93; Securing the high ground, 93, 253; United States Air Force Museum, 162;
Vandenberg Air Force Base, 2, 85, 87, 163, 202; Wright-Patterson Air Force Base, 161

Alamogordo Bombing Range (See White Sands Missile Range)

Alaska Tracking Station: xxxii, 41-43, 50, 53, 55, 64, 103, 219, 221, 222, 227, 228, 281, 337; Poker
Flat, 317-319

Albert monkey flights: 2

Aldrin, Edwin E., Jr.: 174, 175, 177, 179, 180, 341

Alice Springs, Australia Northern Territory: 189

Aller, Robert O.: 258, 282, 325, 336

Allied Signal (See also Honeywell): xix, 289

Alouette satellite: 43

Ames Research Center: xv, 28

Anchored Interplanetary Platform: 39

Anders, William A.: 171

Anderson, Clinton D.: 25

Anderson, Michael P.: 334, 335

Angular measurement: 11, 13, 14, 35, 37, 38, 52

Antarctica (See McMurdo Ground Station)

Antenna Control Unit: 46, 47, 52

Antenna operating modes: 52-53, 112

Antofagasta, Chile: 16, 19, 23, 40

Antigua: 114, 136, 138, 203, 204; Apollo support, 117-121, 146, 149, 151, 162, 163, 169; early-ops
support, 18, 21, 40, 98, 112

Apartheid (See Johannesburg, South Africa)

Apollo, Project: 1B network, 145-146; V network, 145-146; Antenna pattern pull, 136; Apollo 1, 166,
167; Apollo 4, 131, 147, 156, 158, 166-167; Apollo 5, 147, 167; Apollo 6, 168-169; Apollo 7, 150,
163, 170-172, 331; Apollo 8, 147, 151, 156, 171-173; Apollo 9, 173; Apollo 10, 173-174; Apollo
11, xxxv, 120, 151, 157, 158, 174-180, 181, 186, 196, 203, 205, 206, 221, 235, 342, 427-454;
Apollo 12, 158, 182, 183; Apollo 13, 180-182, 203, 234, 250; Apollo 14, 174, 182, 187; Apollo 15,
183; Apollo 16, 168, 169, 234; Apollo 17, 182, 184, 185, 306; Apollo Lunar Surface Experiments
Package telemetry, 182-184, 205; AS-201, 118, 145; Bailout decision during powered descent,
174; Command/Service Module, 112, 136, 137, 144, 145, 150, 151, 157, 166, 169, 170, 171, 173,
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